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ABSTRACT

Experimental aerodynamic investigations were conducted on a .003366-scale
model of the Grummaen Space Shuttle configuration mounted to a three (3)
segmented solid propellant booster. These tests wére conducted in the MSFC
1b-Inch Trisonic Wind Tunnel over a Mach number range of 0.6 to 4.96. The
purpose of the test was to determine the serodynamic characteristics of this
cénfiguration. Aerodynamic data wes taken over & nominel angle of attack

and angle of sideslip of -10 degrees to 10 degrees at zero degrees 8 and &
respectively. In addition, H-33 orbiter alone data was obtained to supplement

data from TWT 502 and TWT 503.
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SUMMARY

These tests were conducted at the MSFC lk-Inch Trisonic Wind Tunnel

August 30 through September 1, 1971l. Configurations tested included
an orbiter with drop tanks alone and an orbiter with drop tanks mated
to a 3-segment solld propellant booster. In addition, test were per-

formed with drop tanks removed. ~

Six component static aerodynamic force and moment data were recorded
over a Mach number range of 0.6 to 4.96 with Reynolds number varying
from 5.1 to 7.5 x 106 per foot. Longitudinal data were taken over an
angle of attack range of + 10° at o° sideslip while lateral-directional

data covered a range of tho sldeslip at o° angle of attack.



CONFIGURATIONS INVESTIGATED

The configurations investligated were 0.003366 scale models of the Grumman
H-33 Orbilter Launch Configuration with/without drop tanks, and mated with

three expendable solid propellant booster motors.

Conflguration Nomenclature

01 Grumman H-33 Orbiter with drop tanks
02 Grummen H-33 Orbiter without drop tanks
H33/3x156 Grummen H-33 Orbiter with drop tanks and cluster

of three 156 diameter solid propellant booster
motors .

Model Component Nomenclature

0 - Orbiter

W - Clipped delta wing
\') - Vertical stabilizer
T - Drop tanks

Pertinent dimensional detalls are presented in the Model Component

Description Section of this document.



, SADSAC NOMENCLATURE
COEFFICIENT COEFFICIENT NAME
: BODY AXIS | STABILITY AXIS | WIND AXIS

Ca Total Axial Force CA - -

CAB Base Axial Force CAB - -

CAF Forebody Axial Force CAF - -

Cp - Total Drag Force - CDh CDTOTL

Cpp Base Drag Force - CDB | CDBASE

Cpy Forebody Drag Force - CDF CDFORE
oL Lift Force. - CL CL

CN Normal Force CN - -

Cy Side Force CY: CY CC

cy Rolling Moment CBL CSL CWL

Cm Pitching Moment CLM CLM CPM

Cn Yawing Moment CYN CLN CLN

L/D. Lift-To-Drag Force Ratio - L/D CL/CD

L/D Lift-To-Forebody Drag Force Ratio - L/DF’ CL/CDF

N/A Normal-To-Axial Force Ratio N/A - -

N/A Normal-To-Forebody Axial Force Ratio CN/CAF - -

TABLE I.

SUMMARY OF SADSAC NOMENCLATURE - AERODYNAMIC FORCE AND MOMENT COEFFICENTS

>
IS“."’""‘J



TEST ﬂfgzzzj/mvm SET/RUN NUMBER
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TEST FACILITY DESCRIPTION

The Marshall Space Flight Centerllh" x 14" Trisonic Wind Tunnel is an inter-
mittent blowdown tunnel which operates by high pressure alr flowing from
storage to elther vacuum or atmospheric conditions. A Mach number range .
from .2 to 5.85 is covered by utilizing two interchangeable test sections.
The transonic section permits testing.at Mach 0.20 through 2.50, &nd the
supersonic section permits testing at Mach 2.74 through 5.85. Méch numbers
between .2 and .9 are obtained by using a qontrollable diffuser. The range
from .95 to 1.3 1s achleved through the use of'plenum suction and perforated
walls. Mech numbers of 1.4k, 1.93 and 2.50 are produced by interchangeable
sets of fixed contour nozzle blocks. Above Mach 2.50 & set of fixed contour
nozzle blocks are tilted and transleted automaticélly to produce any desired

Mach number in .25 increments.

Air is supplied to a 6000 cubic foot storege tank at approximetely -40°F dew
point and 500 psi. The compressor is a three-stage reciprocating unit driven

by a 1500 hp motor.

The tunnel flow is established and controlled with a servo actuated gate
valve. The coﬁtrolled eir flows through the valve diffuser into the stilling
chamber and heat exchanger where the éir temperature cen be controlled fromv
ambient to approximately 1800F. The a#r.thep'passes through the.test section

which conteins the nozzle blocks and tést region.

Downstream of the test section is e hydraulically controlled pitch sector
that prov1des a total angle of attack range of 20° (*lO ). Sting offsets are

available for obtaining various meximum angles of attack up to 25



TEST CONDITIONS

TEST MSFC TWT 504

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
5
| 0.6 5.1 x 10 /IN b b 100
0.9 6.3 x 105/1N 7.4 100
1.0 6.6 x 10°/m 8.2 100
1.1 6.8 x 106/IN 8.7 100
1.2 6.8 x 1o§}Ig 9.2 100
1.46 7.4 x 10 /IN 10,8 100
1.96 7.5 x 100/ 10.9 100
3.50 7.0 x 10§ZIN 6.8 100
k.96 5.4 x 106/;g~ 3.07 100
BALANCE UTILIZED: MSFC #201
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE :
NF 60#
. SF 20#
AF 30¢
PM 120 IN-
™M 40 IN-
RM 25 IN-#
COMMENTS :
8

NASA-MSF -MAF



DATA REDUCTION

Six component aerodynamic force and moment data were measured on the model
employling MSFC internal strain gege balance #201l. Pressure orifices de-
picted in Figure 7 were used to measure the pressure acting on the base
region of the orbiter, segmented booster, and the balance cavity. These
prescures were reduced to coefficients and utilized to correct the measured

total axial force (CAT) coefficient to free-stresm pressure acting on these

regions (CAF). The following equations were used to make this correction:

Cap = Ca - Capo - Caps - Cac
c = -C A
ABO PORBITER * 559—

BASE REF
c = ¢ A
AB Paoraps . o8BS

BASE SREF
‘ac T “Crepyrpy. Ao

SREF

The force and moment; data were reduced to coefficient form using the following

reference values:

2

Spep = 9376 IN.
Lpgp = 6.495 IN.
brgr = 3.9%0 IN.
62

App = 0.362 IN.
2

Ags = 1.348 .
2

A = 0.399 IN.



DATA REDUCTION
(Continued)

' Moment Reference Center:

XMRP = 3.231 inches aft of orbiter nose
YMRP = 0,0 inch
ZMRP = 0.3024 inch below balance center line

10



SUMMARY DATA PLOT INDEX

PLOTTED
COEFFICIENTS CONDITION
PLOT TITLE SCHEDULE VARYING PAGES
Longitudinal Stability A Mach Number 1-21
Lateral Stability B Mach Number 22-39
Longitudinal Stability at Alpha = Zero Degrees C Configuration 1.10-59
Lateral Stability at Beta = Zero Degrees D Configuration 60-75
PLOTTED COEFFICIENTS SCHEDULE:
SCHEDULE A: SCHEDULE B: SCHEDULE C. SCHEDULE D:
(6] CY CNAAFO CYBO
CIM vs. o CIN }vs. B CMAAFO CYNEO MACH NO
CAF CBL CAFAFO }MACH NO. CBLBO *
CDAFO DCYNOL

DAMLO




FIGURES
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Notes:

1. Positive directions of force coefficients
moment coefficients, and angles are
indicated by arrows.

2. For clarity, origins of wind and stability
axes have been displaced from the center
of gravity.

Figure 1, Axis systems, showing direction and sense of force and
moment coefficients, angle of attack, and sideslip angle



Figure 2 -
Side View of 3 x 156 Solid Prop.

Boost/Grumman H-33 .003366 Scale
Orbiter Model
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Figure 3 -
One-Half Bottom View of 3 x 156

SRR gyl
| AuG 3L 1971
-’ - CONF&




s eas o a e w A i sl iing Qm\ :
MSFC _ TWT S04
AUG 3L (971
CO NFIG R
H 3 o) 1 2‘?
33 "1s¢ [T
[LLLLLLLJ
Figure 4 -

Model Installation Photograph in
the MSFC 14 x 1h-Inch Wind Tunnel




B.C.

|

Figure 5. Side and Planview Sketch of the Grumman H-33 Orbiter With Drop Tanks Installed
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Figure 6. Side end Planview Sketch of the Grummen H-33 Orbiter With Drop Tanks and
Three Solid Propellant Booster Motors Installed
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Figure 7. Base Pressure_Measurements'



MODEL, COMPONENT DESCRIPTION SHEETS
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o
MODEL COMPONENT:  BODY - (0) ORBITER

GENERAL DESCRIPTJON: 0.003366 SCALE GKUMMAN (H33) ORBITER

e SR

DRAWING NUMBER:

DIMENSIONS : C FULL-SCALE
Length ' ‘  - o . _16zlin
Max. Width L 300 1n
Max. Depth v o 1;:' , 330 in
Fineness Ratio a : __gég_;____
Aréa |
Max. Cross-Sectional

Wetted (Less Base) S 10,345 £t?

Base

21

ey

MODEL SCALE

5.456 in

l

1.0uvY8 {n

l

1.111 in

5.4

A

5.09 in?

~N

16.8/7 in

]



MODEL COMPONENT: _~ WINC -~ (W)

GENERAL DESCRIPTION: _clipped Delta Wing for H-33 Orbiter (0.003366 Scale)

DRAWING NUMBER:

DIMENSIONS: FULL-SCALE - MODEL SCALE
TOTAL DATA
Area
Planform } 4840 ft? 7.896 in®
Wetted - '
Span (equivalent) 9%.5 ft 3.817 jn
Aspect Ratio ' 1.846 1.846
Rate of Taper . r '
Taper Ratio , 0.178 0.178
Diehedral Angle, degrees o

5 , 59

Incidence Angle, degrees . 20 20
Aerodynamic Twist, degrees =50 .50
Toe-In Angle -
Cant Angle :
Sweep Back Angles, degrees
Leading Edge , 559 55°
Trailing Edge
0.25 Element Line
Chords: : -
Root (Wing Sta. 0.0) 1043.52 in 3.5125 in
Tip, (equivalent) . 185.76 in 0.625 in
MAC 714.0 in 2.4033 in

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC
Airfoil Section

Root . t/c = 9.5% Camberred t/c =_9.5% Camberred
Tip ' . t/e = 9,5% Camberred t/c = 9/5% Camberred
EXPOSED DATA —_— ———

Area 2900 £r2 4.7313 in?
Span, (equivalent) 9%.5 ft 3.817
Aspect Ratio 1.846 1,846
Taper Ratio : 0.178 0.178
Chords

Root ' 815.76 in 2.7458 in

Tip ' 185.76 in 0.625 in

MAC 714.0 in 2.4033 in

Fus. Sta. of .25 MAC

N.P. Of 025 MAC ————————. ora— T —————
B.L. of .25 MAC —

22



MODEL COMPONENT: VERTICAL STABILIZER (V)

GENERAL DESCRIPTION: _genrerline Vertical Stabilizer for H-33 Orbiter
(0.003366_Scale) ;

DRAWING NUMBER:

DIMENSIONS: o  FULL-SCALE MODEL SCALE
TOTAL DATA -

Area
Planform
Wetted
Span (equ1va1ent)
Aspect Ratio
Rate of Taper
Taper Ratio —
Diehedral Angle, degrees —
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle.
Cant Angle
Sweep Back Angles, degrees
Leading Edge 47° 47°
Trailing Edge .

0.25 Element Line
Chords: '
Root ﬁuing sta. 0.0)
Tip, (equivalent) -

MAC ' :

|

!

Fus. Sta. of .25 MAC
W.P. of .25 MAC-
B.L. of .25 MAC
Airfoil Section - A -
Root - NACA 64A010 NACA 64A010

B.L. of .25 MAC

Tip | NACA 64A010 NACA 64A010
EXPOSED DATA _— ——————
Area 855 ft? 1.395 in?
Span, (equivalent) : 405 In TI36T In
Aspect Ratio . 1.33 1.33
Taper Ratio 0,38 0.38
Chords .
Root o 439.92 {n 148 in '
Tip . S 168.0 4n 0.5655 1in
MAC 324,0 in 09 in
Fus. Sta. of .25 MAC
W.P. of .25 HAC

NASA-MSFC wa:



’ .
MODEL COMPONENT:  DROP TANKS

GENERAL DESCRIPTJON: M—_mﬂum%

ORAWING NUMBER:

DIMENSIONS : R . FULL-SCALE . MODEL ScAL
Length o S | o 102.17 £t 4.127 in
Max.. Width o : “ ; A 14. 854 ft 0.60 in
Max. Depth R 14.854 ft * 0.60 in
Fineness Ratio L - 6,878 6.878
Area ‘
- Max. .Cross-Sectiona"l _
Planform | - ———
Wetted ———— .______
Base —— ———

2k



SYMBOL

SADSAC
SYMBOL

ALPHA

PSI

PHI

Qﬁ PSI g
Q(PsF
MACH

RN/L

cp

NOMENCLATURE

(General)

DEFINITION

angle of attack, engle between the projection 4
of the wind X,-exis on the body X, Z-plane and
the body X-axis; degrees

sideslip angle, angle between the wind X,-axis
and the projection of this axis on the body
X-Z-plane; degrees

yaw angle, angle of rotation about the body
Z-axis, positive when the positive X-axis 1s
rotated toward the positive Y-axis; degrees
roll angle, angle of rotation sbout the body
X-axis, positive when the positive Y-axis 1is
rotated toward the positive Z-axls; degrees
air density; Kg/m3, slugs/ft3

speed of sound; ﬁ/eec, ft/sec

8peed of vehicle reletive to surrounding
atmosphere; m/sec, ft/sec

dynamic pressure; 1/2PV? psi, psf

Mach number; V/e

Reynolds number per unit length; million/ft
static pressure; psi

total pressure; psi

pressure coefficient; (p-pw)/a



SYMBOL

KL

&

Cs
L/D

L/De

NOMENCLATURE (Continued)

Body & Stability Axis System

SADSAC
SYMBOL

2

CAB

CAF

CBL

DEFINITION

m Axis Bxstem

normel force coefficient; Fy/qS

exial force coefficlent; F,/qS

base exlal force coefficient;

[-1] (pp - Pm)/Q] (4p/8)

forebody exial force coefficient; Cp - CAb

yewing moment coefficient; My/qS byee

rolling moment coefficient; Mx/qS breg

Common to Both Axis Systems

CIM

CSL
L/D

L/DF

pitching moment coefficilent; My/qS fpep

side force coefficient; Fy/qS

Stabiiit;r Axis System

1ift force coefficlent; Fr/qS

drag force coefficlent; Fp/qS

base drag coefficient

forebody dreg coefficient; Cp - GDb
yaving moment coefficient; My, o/a8 Presp
rolling moment coefficient; My o/a8 byep
11ft-to-drag retio; Cp/cp

1ift to forebody drag ratio; Cx/cnr

26



" NOMENCLATURE (Continued)

Axis System General

SYMBOL ‘ DEFINITION
F | . force; F, lbs
M _ moment; M, in-1lb
Subscript’ Definition
N normal force
A _ axiel force
L liff-force
D drag force
Y | force or moment about the Y axis
Z moment about the Z axis
X momenﬁ about the X axis
8 stability axis system
w wind axls system
ref reference conditlons
0 ' - free stréam conditions
% ~ total conditions
b : base

27



NOMENCLATURE (Continued)

Reference & C. G. Definitions

SADSAC
SYMBOL SYMBOL DEFINITION
] wing sres; m2, ££2
S SREF reference area; m2, £4°
] wing mean serodynemic chord or reference
chord; m, ft, in (see lref or LREF)
Lrer LREF reference length; m, f£t, in.; (see 2)
bref BEREF wing span or reference span; m, f£t, in
Ap base ares; m2, ftg, in2
c. & center of gravity
MRP MRP abbrevietion for moment reference point
XMRP abbreviation for moment reference point
‘ on X-axis
YMRP abbreviation for moment reference point
on Y-axis
; ZMRP abbreviation for moment reference point
on Z-axis

28



ADDITIONS TO GENERAL NOMENCLATURE

SYMBOL . DEFTNITION

Agg orbiter base area, in.

Aps solic propellant booster motors total base sres, in.2

Ac model strain balance cavity area, 1n.2

Cano orbiter base axlal force coefficient

CARBS solid propellant booster motors base axial force coefficient
QAC ' model strain gage cavity exlal force coefficlent

CNAAFO zero angle of aﬁtack normal force coefficient gradient
CMAAFO zero angle of attack pitching moment coefficient gradient
CAFAFO zero angle of attack forebody axiasl force coefficient
CDAFO zero angle of attack drag force coefficient

DCMLO zero angle of attack center of pressure

CYBO zero sideslip angle side force gradient

CINBO zero sideslip angle yawing moment gradient

CBLBO zero sideslip angle rolling moment gradient

DCYNOL zero sideslip angle center of pressure



TABULATED DATA LISTING .

A tabuleted data listing, consisting of ell sero data se%ts, both originsal
and those created in erriving at the plotted material to be presented subse-

quently, is avallable as an addendum to this report. Thu tabular listing is
made up in two sections:

(a) = brief summery list of all date sets containing the identifier,
the descriptor, and the resident dependent variables.

(b) & full 1ist of all data sets conteining all resident or
selected serodynamic coefficlents of the data sets as well as
the above mentioned informetion.

The listing is currently sent on limited distribution to the following organ-
izations:

NASA AMES Mr. V. Stevens
NASA MSFC Mr. J. Weaver

If coples of this listing esre desired, please contact the above or the cog-
nizant SADSAC personnel who, for this deta, is:

Mr. J. R. Ziler

Department 2780

Chrysler Corporation Space Division
New Orleens, La. = T0l29

(50k) 255-230L-

. 30
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LONGITUDINAL _ STABILITY

4 W
.
.5
. s
a"l [
5 >
3 >
5
r, o
e &
(&)
— > = J
w v
[T >
w ! 2
o L -
U y
w » 1 r,a
O .0 -
m 7
O .
u
p=
iJ .1 o) i
p w z
[0
[»] T s
Z -.2
=
-8 S ,‘
’fJ /V
awd
-.4 A
-.5
- -12 -10 -8 -~ 6 - a -2 o 2 4 © 8 10 12
ANGLE OF ATTACK. ALPHA. DEGREES
SYMBOL MACH PARAMETRIC VALUES REFERENCE INFORMATION
; 1.458 BETA 0.000 SREF 9.3760 SQ.IN.
% 1.968 LREF 66,4950 IN.
BREF 3.9300 IN.
< 3.480 X¥MRP 3.2300 IN.
0 4.959 YMRP 0.0000 IN.
. ZMRP 0.3024 IN.
REFEREMCE FILE S-E-AERO-AA- ScaLe u.3366 FERCEN
MSFC 504 GRUMMAN H33 ORB.+DROP TANKS 01 (A46011) 16 OCT 71 PAGE 2



.50

48

40

ie-1]
x

4 +30
Q
—

& e
-
R,
[V

L .20
w
[
o
-

Zz .15
w
P
(]
p =

.10
(L]
Z
-
X
(8]

— .05
—
a.

.00

~.08

~.10

-14

LONGITUDINAL SJABIL ITY

SYMBOL MACH

2

<

R

e
[£: 4 — =55 -
¢ = 2 ] S
-12 ~10 e -6 > -2 o 2 . 6 ) 10 12
ANGLE OF ATTACK., ALPHA., DEGREES
PARAMETRIC VALUES REFERENCE INFORMATION
0.603  BETA 0.000 SREF 9.3760 sa.IN.
R
1.001 XMRP 3.2300 IN,
1.099 YMRP 0.0000 IN.
‘106 ZMRP 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- SCALE 0.3366 PERCEN
MSFC 504 GRUMMAN H33 ORB.+DROP TANKS 01 {A46011) 16 OCT 71 PAGE 3



LONGITUDINAL _STABILITY

.50

-
.45
.40
.38 g
x
| .30
(&)
—
O
w
w .20
ul
(]
o
’—-
=z .18
w
=
0
=
- .10
P-4
I
[ ]
— .05
o
00 SRTS s e 13
i YN
-.08
T8, -12 -10 -8 -6 - -2 [ 2 4 6 8 10 12
ANGLE OF ATTACK., ALPHA., DEGREES
SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
2 1.458 BETA 0.000 SREF 9.3760 SQ.IN.
1.968 LREF 6.4950 IN.
. N.
o 3.480 XHRP 3.2300 N
] 4.959 YMRP 0.0000 IN.
ZMRP 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- ScALE 0.3386 FPERCEN
MSFC S04 GRUMMAN H33 ORB.+DROP TANKS 01 (A46011) 16 OCT 71 PAGE 4



LONGITUDINAL STABILITY

.80
.18
.18
.14
w
< e
- s
- —
2z .10
S mP e
— e —&""
O b -
L .08
TN
L
(]
O .08
I‘.IJJ y &
‘— e ———
% 04 1 1
w
-
= .og
— -~
x
<
.00
>
= e
©
a -.02
14
(]
W
-.04
-.08
-.08
T8, -12 -10 [} . -6 -4 -2 ) 2 4 6 8 10 12
ANGLE OF ATTACK. ALPHA. DEGREES
SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
0.603 BETA 0.0600 SREF 9.3760 SQ.IN,
0.898 L:EF 6.4950 IN.
BREF 3.9300 IN.
Lo] 1 .002 XMRP J.2300 IN,
- 1.099 YMRP 0.000D IN.
E 1.196 ZMRF G.3024 IN.
REFERENCE FILE S-E-AERO-AA- ScaLe 0.3366 PERCEN
MSFC 504 GRUMMAN H33 ORB.+DROP TANKS 01 (A46011) 16 OCT 71 PAGE S



LIUNGITUDINAL STABILITY

.20
.18
.10
e
w
< e
. ~ A E 24
E «30 L ko ?;E:%’ — = - 7.
w O s - '
U _] y* g 3
L .oe
uw
w
©
(&S] .08
u
(@)
% D4
w
-
< .oe
>
<
5 o0
(@]
(0]
@ e
14
5 R
[V
-.08
-.08
-.0e
"2 Yy -10 ~e e ~ & T2 o 2 4 6 8 10 12
ANGLE OF ATTACK. ALPHA, DEGREES
SYMBOL  MACM PARAMETRIC VALUES . REFERENCE INFORMATION
2 1.458  BETA 0.000 SREF 5.3760 8G.IN.
1.968 LREF §.4550 In.
o 3.460 kP 3.2300 Y
4.959 YMRP 0.0000 IN.
ZMRP D.3024 IN.
REFERENCE FILE S-E-AERO-AA- ScaLe g.3366 PERCEN
MSFC S04 GRUMMAN H33 ORB.+DROP TANKS 01 (A46011) 16 OCT 71 PAGE 6



LGNGITUDINAL STABILITY

4
.2
.8 ‘
.-
I y
>
© 3
’_: -
5 .8 P }Z‘/g
3 FLT
-— iR
™
wo,
(=]
Q
m '
Q 0
o
[ ]
w
a4 -
<
x
14
[»]
ZzZ -.2
7. Y
Y.
?ﬁ Af
-3 P [&,
Z
&
z'_jl pd
y /JQ.Q[_/’
~ed AL L5
v 17
7
-5 L
244 -1z -10 -8 -8 -8 -2 o 2 p) ) 8 10 12
ANGLE OF ATTACK. ALPHA, DEGREES
SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
2 0.397 BETA 0.000 SREF 9.3760 SQ.IN.
0.098 LREF 6.45950 IN.
o o.ee7 RHRP 3.2300 HN
1.096 YMRP 0.0000 IN.
E 1.208 ZMRP 0.3024 N,
REFERENCE FILE S-E~AERO-AA- . ScaLE 0.3366 PERCEN
MSFC 504 GRUMMAN H33 ORB.-DROP TANKS 02 (A46021) 16 OCT 71 PAGE 7



LONGITUDINAL STABILITY

W7 | X
N J
.8
.8
.
. -
z
) 4
© ) L a %
® I M A
[ X 1 [~ P,
Z B j::‘ro'; .
W, 0 % 2 O 75 7
o ] ol | :
— || i Y | e -,
VS X 2 5)
[T | 9
Wt
[ o
(8] P [
4 EEnres
Q ° L4t
o B o
[»] S )
w
=
;:: -
& L o Ty >
2 - -
A — —
+—*
=0 v I
-s /] OO 1 O L
~.8
st
%iq -2 -10 -8 -6 -4 -8 0 [ 4 e 8 10 12
ANGLE OF ATTACK. ALPHA, DEGREES
SYMBOL  MACH PARAMZITRIC VALUZS REFERENCE INFORMATION
g 1.458 BZTA 0.000 SREF 9.3760 8G.IN,
1.904 LREF 6.4950 IN,
O . s.a00 XMRP 32300 In.
0 4,959 YMRP 0.0000 IN,
ZMRP 0,3024 IN,
REFERENCE FILE 8-E-AERO-AA- ScaLE 0.3368 PERCEN
HMSFC 504 GRUMMAN H33 GRB.-DROP TANKS 02 (A46021) 16 OCT 71 PAGE 8



[

.80

.43

+40

+38
x

-} «30
[®]
L3
'—

E_, .88
L]
(&
i
w

w 20
wl
(=]
Q
[.—

Z .18
wd
b
[»]

b .
.10
o b 3

Z
—
I
Q

- .03
-~
a

.00

-.03

-.30

-18

LOGNGITUDINAL  STABILITY

sSYRNBOL HACH

2

o

R

Ai*i*smr** S
G T
1] s
ol
-ie -10 8 -6 -4 -2 o z 4 € 8 10 12
ANGLE OF ATTACK, ALPHA. DEGREES
PARAMETRIC VALUES REFERENCE INFORMATION
0.s97  BETA 0.000 SREF  9.3760 $Q.IN.
0.608 LREF 6.4950 IN.
o.007 R 3200w
1.096 YMRP 0.0000 N,
-4.208 ZMRP 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- _ SCALE 0.3366 PERCEN
MSFC 504 GRUMMAN H33 ORB.-DROP TANKS 02 (A46021) 16 OCT 71 PAGE S



LONGITUDINAL STABILITY

.80
.48
+40
21
=
1 . .30 ey e
Q
-
— -
5 ES L. . ]
-
Q
—
(V8
[T .20
wl
(=]
Q
,—
b4 -48
[T¥ )}
b
(]
=
.10
(L]
>4
—
I
Q
- .as
— g
a 2 :‘E;sz
Cor T h_h"“ et N -
[\ ﬁr%‘;‘“m =" s ) l
> T T Vi s W e = O T LT L]
e !
I %ﬁ%ﬁnm%L "
S
-.09 = e 3
-.10
-t4 -12 -10 -8 -6 -4 -2 o 2 4 € 8 10 12
ANGLE OF ATTACK. ALPHA. DEGREES
SYHMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
1.4553 BETA 0.000 SREF 9.3760 SQ.IN.
1.964 ) LREF 6.4950 IN.
BREF 3.9300 N,
< 3.480 XMRF 3.2300 IN.
0O 4.959 YMRP 0.0000 IN.
ZMRP 0.3024 IN.
E 0.3366 PERCEN
REFERENCE FILE S-E~AERO-AA~ scat £

MSFC 504 GRUMMAN H33 (RB.-DROP TANKS 02 (A46021) 16 OCT 71 PAGE 10



.20

.18

.18

14

CAF

.10

.08

.08

.02

.00

FOREBODY AXIAL FORCE COEFFICIENT,

-.10

~-14

LGNGITUDINAL STABILITY

SYMBOL MACH

o

R

MSFC 504 GRUMMAN H33 OGRB.-DROP TANKS

: = == ===
=) _— _— -
7 — = ~ﬂé§¥‘ et
B, N - 4‘
" Ry
= I~y
g - b
! -
]
-1g ~10 -8 -6 -4 - g o 2 4 6 8 10 12
ANGLE OF ATTACK., ALPHA, DEGREES
PARAMETRIC VALUES REFERENCE INFORMATION
0.597  GETA 0.000 SREF 9.3760 $Q.IN.
0. 696 LREF 6.4950 IN.

. BREF 3.9300 IN.
0.997 XMRF 3.2300 IN.
1.096 YMRP 0.0000 IN.

.. 200 ZHRR 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- ) sca -3366 PERCEN
02 (A46021) 16 OCT 71 PAGE 11



an

LONGITUDINAL STABILITY

.18
.18
.14
w
5 Jae
>
r-—
Z 10 s L L L]
w
- . g
Q
W %o e . L L)
™ ] I
‘6‘ i
e i k. 1
O .00 e w7 i, Y gxqva» b e = 2
8 [ ) ?‘T‘h 3 1
e =
s %
[T
< .o
-
x
<
.00
D
(@]
o
w -.a2
o
[» ]
[T
-.04
- -
-.00 Y
-.00
-.10
~14 -1e -10 -9 -6 -4 -8 [} 2 4 '3 8 10 12
ANGLE OF ATTACK. ALPHA, DEGREES
SYMBOL.  MACH PARAMETRIC VALUES REFERENCE INFORMA TION
1.453 BETA o.0o0 SREF 9.376G Sa. 1IN,
1.964 LREF 6.4950 IN.
) BREF 3.9300 IN.
< S.400 XMRP 3.2300 IN.
(] 4.959 YHMRP 0.0000 IN.
ZHRP 0.3024 IN,
REFERENCE FILE S~E-AERO-AA- ScaLe 0.3388 PERCEN
02 (A46021) 16 OCT 71 PAGE 12

MSFC 504 GRUMMAN H33 ORB.-DROP TANKS



LONGITUDINAL  STABILITY

« 7
4t
.6
.5
.
Z
O 3 y)b"
N . f ¥
— T
w e 3
S 1
— 1
u v
W, >
[ )
(& ]
w
(&) -0 /.
s 4
[»]
w 7
7
3 -t 7
< o
z ﬁ?;
-~
5 : £
> -.e /, 5 /P
@%r/ 7
P, 7l
Beiess
-3 P
$72
-4 I
-.8
-7y -ig -30 -8 -e -8 -2 o 2 4 © 8 10 12
ANGLE OF ATTACK. ALPHA. DEGREES
SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
0.60U0  BETA o.o00 SREF $.3760 SQ.IN.
8 0.901 LREF 6.4950 IN.
. BREF 3.9300 IN.
o - o0.996 XMRP 3.2300 IN.
1.108 YMRE 0.0000 IN.
E . 197 . ZMRP 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- SCALE 0.3366 PERCEN
MSFC S04 GRUMMAN H33 ORB.+B0OOST.-DROP TANKS (A46041) 16 GCT 71 PAGE

13



LONGITUDINAL STABILITY

.80
.45
40
.38
b=
" .30
O .
-
'—_
5 .es
—
W
L]
" .
'8 20
w
(=)
(&)
’-—
Z .18
oW
b
[
b
.10
(L]
Z
L]
I
[ 8]
[ .03
s
o
!
(-] ._.:JiF 3?“@&?%,_\ e L) }
7 CT, = e g”ﬂ:,"
ot e s =50y gw?ﬁ% E#;ﬁ% 75
< A e "3—:’! ”'_l.ggf = e AT e 1
-.08 xS 97 A
- ] o ||
-.10 I | O O | i
=t -2 -10 -8 -6 -4 -2 o 3 4 6 e 10 12
ANGLE OF ATTACK. ALPHA. DEGREES
SYNBOL  MacCH - PARAMETRIC VALUES REFERENCE INFORMATION
0,600 BETA 0.000 : SREF 9.3760 SQ.IN.
0.9031 LREF 6.4950 IN.
BREF 3.9300 IN,
(o) 0.99¢ XMRP 3.2300 IN.
1.102 YMRP 0.0000 IN.
1.107 ZMRP 0.3024 IN.
L 0.3366 PERCEN
REFERENCE FILE S-E-AERO-AA- ScaLE 3 ERcE

MSFC 504 GRUMMAN H33 ORB.+BOGST.-DROP TANKS (A46041) 16 OCT 71 PAGE 14



&0

.18

.16

.14

18

CAF

.40

.06

.08

.02

FOREBODY AXIAL FORCE COEFFICIENT,

-.40

=34

LGNGITUDINAL STABILITY

SYHBOL MACH

2

<

R

X :& FrREme d ] ; -
EEgs: | §S SssressoCoSN
& r’*ﬁ‘ 4 ~ = ey L =
[ T N;}*QN Wﬂ-\_@
ST |
1. al Y
-
— s =S
= ‘R -
oY) -10 -8 -6 -8 - o 2 4 © 8 - 10 12
ANGLE OF ATTACK. ALPHA. DEGREES
"PARAME TRIC VALUES . REFERENCE INFORMATION
0.600 BETA 6.000 SREF 9.3760 $Q.IN.
0.00% LREF 6.4950 IN.
0.9s6 HRP 352300 N
1.102 YMRP 0.0000 IN.
1.107 ZMRP 0.3024 N,
REFERENCE FILE S-E-AERO-AA- ScALE 0.3366 PERCEN
MSFC 504 GRUMMAN H33 ORB.+BOOST.-DROGP TANKS (A46041) 16 OCT 71 PAGE 15



LONGITUDINAL _ STABILITY

.7
.6 -
.8
|
.8
2
P4
© s T - Gy
g i FEaog
= e C "'““{‘__"l’“ ! 5509:1 .
7 l o u{
b L A, =
w 1 b-»l T ’r
0 :
8]
B .o
¢4 B
O
w Z
J =
<
b
[0 7
(]
4 -.8 T
-5 =t
- s
—ed ;* ' = -
1.3?&
Kz
~.8 2 e
|
~-.8 L
~14 -2 -310 -8 - € -4 -8 [} e 4 6 8 10 12
ANGLE OF ATTACK. ALPHA, DEGREES
SYMBOL  MACH FARAMETRIC VALUES REFEREMCE INFORMATION
2 0.s06 BETA 0.000 SREF 9.3760 SQ.IN.
0.894 LREF 6.4950 IN.
O  o.e9s XHRP 3.2300 N
E 1.100 YMRP 0.0000 IN.
1.198 ZHMRP 0.3024 IN.
REFERENCE FILE S$-E~AERO-AA- scaLe g.3386 PERCEN
MSFC S04 GRUNMAN H33 ORB. +BOOST. +DROP TANKS (A46031) 16 GCT 71 PAGE 16



LONGITUDINAL  STABILITY

.?
.8
.8
s
—
Yy
.4
7
=z 7
O 3 yid
-
L 3
'—
3 -
— 2 1 Wt 4
(&)
-— . 1 ) p—
w . ]
[T | B -
w % 3 L,
© i
(& ] v b
g o
o
()
[V
é -.a ]
x (= 7
04 ) 7
2 e -
.2 ™ vy
..
<$/” P
VA,
- s e /
1"‘,
. @)
24
-.4
-.8
“%a -12 -10 - o . -6 -4 -2 o 2 4 e 8 10 12
ANGLE OF ATTACK. ALPHA. DEGREES
SYNBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
1.459 BETA 0.000 SREF 9.3760 Sa.IN.
1.065 LREF 6.4950 IN.
BREF 3.9300 IN.
Lo 3.480 XMRF 3.2300 IN.
D 4.959 } YMRP 0.0000 IN.
ZMRP 0.3024 IN,
SCALE 0.3366 PERCEN

REFERENCE FILE S-E~AERO~-AA-

MSFC 504 GRUMMAN H33 ORB.+BOGST.+DROP TANKS (A46031) 16 OCT 71 PAGE 17



.an

.50

48

4D

311
2z

~ .30
Q
®
P—

Z e
(2}
Q
~—3
[T

W .20
w
(=]
[ 8]
'..

zZ «18
w
p
(=]
b =

o .10
4
—
X
(&)

[ .08
Laa'l
o,

.00

-.08

-.10

-14

LONGITUDINAL STABILITY

Y
-
sy
i
1
—
n%rqxx o B
%ﬁ**zh ) ] 1
Aol D e ) ; : o —
5 s o R ke SN S S
S T =-
ey = -
1
-12 -10 -8 - 6 - & -8 o =4 4 () 8 10 32

aYMpoL MACH

2

QO

R

MSFC 504 GRUMMAN H33 ORB.+BOGST.+DROP TANKS

0.

0
o
1
1

596

884
.999
.100
.198

ANGLE OF ATTACK,

PARAMETRIC VALUES
BETA 0.000

REFERENCE FILE S-E-AERO-~AA-

ALPHA, DEGREES

(A46031)

REFERENCE INFORMATION

SREF
LREF
BREF
XMRP
YMRP
ZIMRP
SCALE

16 6CT 71

9.3760
6.4950
3.9300
3.2300
0.0000
0.3024
0.3366

PAGE

$Q.IN.
IN.
IN.
IN,
IN,
IN,
PERCEN

18



_LONGITUDINAL _ STABILITY

.80
.48
.40
.88
x
O .30
O
—
g s
S
w
W .eo
T}
(]
(&)
S s
w
X
[»]
x
o 1O
Z
I
2 o
o
.00 X L] X d
"35 :b‘» A > 2 s i QL N
( Y R 72 - | i
~-.08 1. ~y 4
N1
"-39 -1 Zi0 ~e e -4 e o 2 P e s 10 12
ANGLE OF ATTACK, ALPHA. DEGREES
SYMBOL HACH PARAMETRIC VALUES REFERENCE INFORMATION
8 1,450  BETA 0.000 SREF 8.3760 8a.1N,
s 68 LREF 6.4950 N
o 5.400 i 32300 ey
0 c.959 YMRP n.0000 N,
ZMRP 0.3024 IN.
REFERZNCE FILE $-E-AERO-AA- ScaLe 0.3368 PERCEN
MSFC 504 GRUMMAN H33 ORB.+BO0OST.+DROP TANKS {A46031) 16 OGCT 71 PAGE 19



LONGITUDINAL _STABILITY

+20 =
.16 N
.16
] =
I | 1 rgz
o -
X
.14 (i
N W 3 e
u- P
< 7 =)
(%) A8 R
— N
Z .0 . E
w
— L 1 | | I
O T Ly N i
2 e B e
L o 1 I = el
[V N
L Loy
Q T
Q .08
e s~
Eg w*“1§£*knm
g .04
w
-
< .oe
—
>
<
> .00
(@]
[}
m
w  =.ee
0.4
[
[
-.03
-.08 r L. .
-
-.00
-.18
‘-84 -3 -10 -8 -0 -4 - 0 8 4 € 8 10 12

8YMQOL MACH

O

B

MSFC 504 GRUMMAN H33 GRB.+BOGST.+DROP TANKS

o

896
0.89a
o.
1
1

899

.100
108

ANGLE OF ATTACK.

PARAMETRIC VALUES

BETA a.o00

REFERENCE FILE

8-E~AERO-AA-

ALPHA. DEGREES

(A46031)

REFERENCE INFORMATION

SREF
LREF
BREF
XMRP
YMRP
IMRP
SCALE

16 GCT 71

9.

3760

6.4950
3.9300
3.2300
0.
=]
0

0cao

.3024
.3366

PAGE

SQ.IN.
(N,
IN.
N,
!N,

iN,
FERCEN

20



.18

.18

14

CAF

.12

.10

.00

.08

FOREBODY AXIAL FORCE COEFFICIENT,

-.40

_LONGITUDINAL STAI}.ITY
f

SYMBOL: MACH

2

¢
a

5 - = 5
| G D S Dyt p=
S N L ~
—
—, Frryd
| 1 — s
T—
=
{
Q45 oy ~10 © - e - a — 2 o 2 4 6 e 10 12
ANGLE OF ATTACK. ALPHA. DEGREES .

FARAMETRIC VALUES . REFERENCE INFORMATION
1.455  BETA 0.000 SREF 9.3760 SG.IN.

s 965 LREF 6.4950 IN.

BREF 3.9300 IN.

$.480 XMRF 3.2300 IN,

4.959 YMRP o.0000 N,

ZMRP 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- SCALE 0.3368 PERCEN

MSFC 504 GRUMMAN H33 ORB.+B0O0OST.+DROP TANKS (A46031) 16 OCT 71 PAGE 21



LATERAL STABILITY

30 T 1
!
.25
.20
.13
> . 2
: SoS3N4
° WESCEY
— .10
& CSoR
o o S
o .08 \i
u.
w
[
(& ] e in 8
.00 o
w
O
@ -
(>
W o
-
«<
14
w
: -.10 44- 0 k.
—
=
-8 SN0
0%
-.80 Jik
~-.29
m3e -0 -8 -6 -4 -2 [ 2 P s e 10 12
SIDE SLIP ANGLE. BETA. DEGREES
SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
8 0.601 ALPHA 0.o00 SREF 9.3760 SQ.1IN.
0.907 LREF 6.4950 IN.
< 0.999 3:5: g::ggg ::
E 1.102 YMRP 0.0000 IN.
1.200 ZMRP 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- SCALE 0.3368 FERCEN
MSFC 504 GRUMMAN H33 ORB.+DROP TANKS 01 (A46012) 16 OCT 71 - PAGE 22



LATERAL STABILITY

.30
.25
.20
T
18 SN
S ,
. S
E 10 % "
‘ - N
= BRI
Q
-— - N
w .08 B J
w. -—
wd i
[>]
(@]
.00
ul
Q
14 !
(]
U s
-
é N \\\Qﬁ
[
"<" -.10 : -
i P
-
-.15 L ~ N
N
1=
-.20
-.29
--3%e -10 -8 -6 - -4 -8 o 2 4 6 10 12
SIDE SLIP ANGLE, BETA: DEGREES
SYMBOL MACH PARAMETRIC VALUES REFERENCE INFORMATION
8 1.457 ALPHA . 0.000 SREF 9.3760 S@.IN.
1.961 LREF 6.4950 IN,
o 3.460 XHRE 3-2300 N
0O 4.959 YMRP 0.0000 IN.
ZMRP 0.3024 IN.
REFERENCE FILE 5-E-AERO-AA- SCALE 0.3366 PERCEN
MSFC 504 GRUMMAN H33 ORB.+DROP TANKS 01 (A46012) 16 OCT 71 PAGE 23



LATERAL STABILITY

.040 ¥ 3
%
085 -
: B
¥
.030 s
.oas
A
~ s
wn X
% .oz0 7 Y
< 1T -
P, 3
>
o .08 7%0 .
(=] ’)t\ ot
m S DS
o K
.010 y
Z 7
> i ,
8 - N
.005
o s
P-4 / B
u  .ooo
-
Q
— w_
uw - e
ﬂ] .008 -
1
D =
O oo
’—
4 a
L;:" ~.018 L 4
0
=
O -.020
Z p i o
% ogs J” ~
> > -
P A
'S, i
-.030 g S
) | P
--.038 o
i
J |
—-040 2 -10 -6 -6 = " o 2 P 6 Y 10 12
SIDE SLIP ANGLE. BETA. DEGREES
SYNBOL  MACH PARAMETRIC VALUES REFERENCE INFORMA TION
0.603 ALPHA D.060 SREF 9.3760 Sa.IN,
g g W
< 0.999 XMRP 3.2300 IN.
1.101 YMRP 0.0000 IN.
E 1.200 ZMRP 0.3024 IN.
REFERENCE FILE S~E-AERO-AA- ScaLe 0.3368 PERCEN
MSFC S04 GRUMMAN H33 ORB.+DROP TANKS 01 (A46012) 16 OCT 71 PAGE 24



LATERAL STABILITY

.040
.085
.030
.ogs8
~
wn
X .o20
<
N y.4
O .018
[}
o4} v,
s
.010 i
P s
> ,
(8]
003
- : T 7
prd St =
ul .000
ul :
(@] /. g
oy
wo oo
tb .Qus { [7
[}
QO _owo
-
z J’l
& o
g_.’ 4
-.020
% v 7
& (
- »
< -.o08s =
> 5
-.030 o
v
i
-.038
=-040,.% -10 -8 -6 -4 -2 o e 4 6 8 10 12
SIDE SLIP ANGLE. BETA. DEGREES
SYMBOL  MACH PARAKETRIC VALUES REFERENCE INFORMATION
1.457 ALPHA 0.080 SREF 9.3760 SQ.IN.
‘ ve1 LREF 6.4950 IN.
. 8REF 3.9300 IN.
O 3.460 XMRP 3,2300 IN,
0 4.989 YMRP 0.0000 IN.
2MRP 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- ScaLe 9.336¢ PERCEN
MSFC 504 GRUMMAN H33 GRB.+DRGP TANKS 01 (A46012) 186 OCT 71 PAGE 25



LATERAL STABILITY

.038
.
]
| =a S
1
| g™
.023 ﬁ
~ .o20 L]
wn
—
x
<
018 4
6 : 5N
: Si§sEsEs
SR
.010 o (TS
= o
1 SN
3
.005 =Y NG
. 1 S
- ook L
Z —
i .000
8 N
-
w
(TN -.008 NS
ul
[3] Q N
(&)
— -~-0D10 AV ‘t
P4 b 50
W .
P -.os N —
Nl 1 )
2 T ey
— -.o020 Py
—t =
2 EREse
-, 089 I
Y ot S
|
\\
-,.030 -
w039 2 -30 -8 -6 -4 -2 o 2 4 6 ® 10 12
SIDE SLIP ANGLE. BETA., DEGREES
SYMBOL  HACH PARAMETRIC VALUES . REFERENCE INFORMATION
0.601 ALPHA 0.000 SREF  9.3760 SQ.IN.
0,907 LREF 6.4950 IN.
o 0.999 e 3.2300 I,
E 1.101 YMRP 0.0000 IN.
1.200 ZMRP 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- SCALE g.3386 PERCEN
MSFC 504 GRUMMAN H33 ORB.+DROP TANKS 01 (A46012) 16 GCT 71 PAGE 26



LATERAL STABILITY
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1.457 ALFHA o.000 SREF 9.3760 SQA.IN,
g 4. 061 LREF 6.4950 IN.
BREF 3.9300 IN.
Q s.480 XMRP 3.2300 IN.
D 4.959 YMRP 0.0000 IN.
ZMRP 0.3024 IN.
REFERENCE FILE $-E-AERO-AA- SCALE 0.3366 PERCEN
MSFC 504 GRUMMAN H33 ORB.+DROP TANKS (13} (A46012) 16 OCT 71 PAGE 27



LATERAL STABILITY
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p.s03 LREF 6.4950 IN.
o 1.001 e 3.2300 Y
1.102 YMRP 0.0000 IN,
E 1.20% ZMRP 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- SCALE 0.3368 FERCEN
MSFC S04 GRUMMAN H33 GRB.-DROP TANKS 02 (A46022) 16 OCT 71 PAGE 28



LATERAL STABILITY
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. SIDE SLIP ANGLE. BETA, DEGREES
SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
8 0.600 ALPHA 0.000 SREF 9.3760 SQ.IN,
0.903 LREF 6.4950 IN.
o 1.001 xR 3.2300 N
E 1.1082 YMRP 0.0000 IN.
1.201 ZMRF 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- ScALE 0.3368 PERCEN
MSFC 504 GRUMMAN H33 ORB.-DROP TANKS 02 (A46022) 16 OCT 71 PAGE 23



LATERAL STABILITY
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SYMBOL  MACHM PARAMETRIC VALUES REFERENCE INFORMATION
o.600 ALPHA 0.000 SREF 9.3760 S6.IN.
. 0.s03 LREF 6.4950 N,
o 1.001 XNRP 32300 IN.
1.102 YMRP 0.0000 IN.
t.201 ZMRP 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- ScaLe g.3366 PERC,EN
MSFC 504 GRUMMAN H33 OGRB.-DROP TANKS 02 (A46022) 16 OGCT 71 PAGE 30



LATERAL STABILITY
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REFERENCE FILE S-E-AERO-AA- SCALE 0.3366 PERCEN
MSFC 504 GRUMMAN H33 GRB.+BOOST.-DROGP TANKS (A46042) 16 OCT 71 PAGE 31



LATERAL STABILITY

.014

038 [ N
=ty
: N
-y
G

012

.010

.008

V4]
1
.006

4
.0Ds ¥ : A o v -

N

008 1 ) -

CYN (BODY AXIS)
N

\‘ \(D
N

.000 - e

-.008 4

-.008 ;

-.008 -

-.080

R
N

-.048

YAWING MOMENT COEFFICIENT.
4

-.084 e o g
)

-.03G - AX .

W

=.048 1™

-.080 M
2-22 -310 -8 -8 - 4 -8 ] 2 4 € 8 10 12

SIDE SLIP ANGLE. BETA. DEGREES
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0.907 LREF 6.4950 IN.
L3 1.001 BREF .9300 IN.
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1.196 ZMRP 0.3024 IN.
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REFERENCE FILE $~E~AERO-AA~ SCALE 3 PERCE

MSFC 504 GRUMMAN H33 ORB.+BOGST.-DROP TANKS (A46042) 16 OCT 71 PAGE 32



LATERAL STABILITY
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SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
D.604  ALPHA 0.000 SREF 9.3760 sa.IN.
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BREF 3.9300 IN.
o) 1.001 XMRP 3,2300 IN.
1.109 YMRP 0.0000 IN.
g 1196 ZMRP 0.3024 IN.
REFERENCE FILE S-E~AERO-AA- ScALE b.3366 PERCEN
MSFC 504 GRUMMAN H33 OGRB.+BB0OST.-DROP TANKS (A48042) 16 OCT 71 PAGE 33



LATERAL STABILITY
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REFERENCE FILE S-E-AERO-AA~ SCALE 3366 ERcE

MSFC 504 GRUMMAN H33 GRB.+BOOST.+DRGP TANKS (A46032) 16 OCT 71 PAGE 34
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SIDE SLIP ANGLE. BETA, DEGREES
FARAMETRIC VALUES REFERENCE INFORMATION
1.458  ALPHA ©.000 SREF s.3760 SG.IN.
t. 030 LREF 6.4950 IN.
BREF 3.9300 IN.
3.480 XMRP 3.2300 IN.
4.959 YMRP @,0000 IN.
2ZMRP 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- scaLe 0.3366 PERCEN
MSFC 504 GRUMMAN H33 ORB.+B0OGST.+DROP TANKS (A46032) 16 OCT 71 PAGE 35



LATERAL STABILITY
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SYMBOL  MACH " PARAMETRIC VALUES REFERENCE INFORMATION
0.595 ALPHA 0.000 SREF 9.3750 " Sa.IN.
0.898 LREF 6.4950 IN.
BREF 3.9300 IN.
< 0.999 XNRP 3.2300 N,
1.100 YMRP 0.0000 N,
1.190 ZMRP 0.3024 IN.
D.3366 PERCEN
REFERENCE FILE S-E~AERO-AA- : ScaLE

MSFC 504 GRUMMAN H33 ORB.<+BOOST.+DROP TANKS (A46032)° 16 OCT 71 PAGE 36



LATERAL STABILITY
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SIDE SLIP ANGLE, BETA. DEGREES
SYMBOL  MACH FPARAMETRIC VALUES REFERENCE INFORMATION
1.458 ALPHA 0.000 SREF 9.3760 S@.IN.
Eg 1.959 ;:Eg g.4950 IN.
.9300 N.
O 3.480 XMRP 3.2300 iN.
O 4.959 YMRP 0.0000 IN.
ZMRP 0.3024 IN.
REFERENCE FILE S-E-AERO-AA- ScaLe 0.3366 PERCEN
MSFC S04 GRUMMAN H33 ORB.+BGGST.+DROP TANKS (A46032) 16 0CT 71 PAGE 37



LATERAL STABILITY
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SIDE SLIP ANGLE. BETA, DEGREES
SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
0.595 ALPHA 0.000 SREF 9.3760 SQ.IN.
o oce BREF 3.9300 N
.9 .
< 0.999 ENRP 3.2300 IN.
1.100 YMRP 0.0000 IN.
E 1.198 ZMRP 0.3024 IN.
REFERENCE FILE S~E-AERO-AA~ SCALE 0.3366 FERCEN
MSFC 5S04 GRUMMAN H33 ORB.+B0OGST.+DROP TANKS (A48032) 16 OCT 71 PAGE 38



LATERAL STABILITY
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SYMBOL  MACH PARAMETRIC VALUES REFERENCE INFORMATION
1.458 ALPHA 0.000 SREF 9.3760 sQ.IN
s
O 3.480 XMRP 3.2300 :N:
0 4.959 YMRP o.0000 IN.
ZMRP G.3024 IN.
REFERENCE FILE S~E-AERO-AA- ScaLe 0.3366 PERCEN
MSFC S04 GRUMMAN H33 ORB.+B0OGST.+DROP TANKS (A46032) 186 OCT 71 PAGE 39



LONGI TUDINAL STABILITY AT ALPHA = ZERG DEGREES
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PARAMETRIC VALUES REFERENCE INFORMATION
BETA 0.000 SREF 9.3760 © Sa.IN,
LREF 6.4950 IN,
BREF 3.9300 IN.
XMRP 3.2300 IN.
YMRP 0.0000 IN.
ZMRP 0.3024 IN.
DATA HIST. CODE SEGF SCALE 0.3366 PERCEN
MSFC 504 GRUMMAN H33 ORB.+DROP TANKS 01  (F46011) 08 DEC 71 PAGE 40



LGNGITUBINAL STABILITY AT ALPHA = ZERG DEGREES
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BETA ©.000 SREF 9.3760 SQ.IN.
LREF 6.4950 N,
BREF 3.9300 IN,
XMRP 3,2300 IN.,
YMRP 00,0000 IN,
ZMRF 0.3024 IN,
DATA HIST. CODE *EGF SCALE 0.3366 PERCEN
MSFC S04 GRUMMAN H33 ORB.+DROP TANKS 01 (F46011) 09 DEC 71 PAGE 41




LONGITUDINAL STABILITY AT ALPHA = ZERO DEGREES
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BETA 0.000 . SREF 9.3760 SQ.IN,
LREF 6.4950 IN.
BREF 3.9300 IN.
XMRP 3.2300 IN.
YMRP 0.0000 IN.
ZMRP 0.3024 IN.
DATA WIST. COOE SECF SCALE 0.3366 PERCEN

MSFC 504 GRUMMAN H33 GRB.+DROP TANKS ot (F46011) 09 DEC 71 PAGE 42




LONGITUDINAL STABILITY AT ALPHA = ZERG DEGREES
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BETA 0.000 SREF 9.3760 SQ.IN.,
LREF 6.4950 IN,
BREF 3.9300 IN.
XMRP 3.2300 IN.
YMRP 0.0000 IN,
ZM‘RP 0.3024 IN.
DATA HIST. CODE .‘EGF SCALE 0.3366 PERCEN
MSFC 504 GRUMMAN H33 ORB.+DROP TANKS 01 (F46011) 09 DEC 71 PAGE 43
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BETA D.000 SREF 9.3760 SQ.IN,
LREF 6.4950 IN,
BREF 3.9300 IN,
XMRP 3.2300 IN,
YMRP 0.o0080 IN,
ZMRF 0.3024 IN.
DATA HIST. CODE RF SCALE 0.3366 PERCEN
MSFC S04 GRUMMAN H33 OGRB. +DROP TANKS 01 (G46011) 09 DEC 71 PAGE 44

LONGITUDINAL STABILITY AT ALPHA = ZERG DEGREES




LONGITUDINAL STABILITY AT ALPHA = ZERG DEGREES
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BETA 0.000 SREF 9.3760 SQ.IN,
LREF 6.4950 IN.
BREF 3.9300 IN.
XMRP 33,2300 IN,
YMRP 0.0000 IN,
ZMRP 0.3024 IN.
SCALE 0,.3366 PERCEN

DATA HIST. COCE *EGF

MSFC 504 GRUMMAN H33 ORB.-DROP TANKS 02 (F46021) 09 DEC 71 PAGE 45



LONGITUDINAL STABILITY AT ALPHA = ZERG DEGREES
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BIZTA 0.000 SREF 9.3760 SQ.IN.
LREF 6.4950 IN.
BREF 3.9300 IN,
XMRP 3.2300 IN.
YMRP 0.0000 IN,
ZIMRP 0.3024 IN.
SCALE 0.3366 PERCEN

BPATA HIST. CODE SEGF

MSFC 504 GRUMMAN H33 OGRB.-DROP TANKS 02 (F46021) 09 DEC 71 PAGE 46




LONGITUDINAL STABILITY AT ALPHA = ZERO DEGREES
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BETA o.000 SREF 5.3760 sa.1IN.
LREF 6.4950 IN.
BREF 3.9300 TN,
XMRP 3.2300 IN,
YMRP 0.0000 IN..
ZMRP G.3024 IN,
DATA HIST. CODE SEGF SCALE G.3366 . PERCEN
MSFC 504 GRUMMAN H33 ORB.-DROP TANKS 02 (F46021) 09 DEC 71 PAGE 47




LONGITUDINAL STABILITY AT ALPHA = ZERG DEGREES
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PARAMETRIC VALUES REFERENCE INFORMATION
BETA 0.000 SREF 9.3760 $Q.IN.
LREF 6.4950 IN.
BREF 3.9300 IN.
XMRP 3.2300 IN.
YMRP 0.0000 IN.
ZMRP 0.3024 IN.
DATA HIST. CODE SEGF SCALE 00,3366 PEZRCEN
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LONGITUDINAL STABILITY AT ALPHA = ZERG DEGREES
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LREF 6.4950 IN.
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ZMRP 0.3024 IN,
SCALE 0.3366 PERCEN

DATA HIST. CODE RF
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LONGITUDINAL STABIUTY AT ALPHA = ZERG DEGREES
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BETA 0.000 SREF 9.3760 SQ.IN,
LREF 6.4950 IN.
BREF 3.9300 IN.
XMRP 3.2300 IN.
YMRP 0.0000 IN.
ZMRP 0.3024 IN.
e
DATA HIST. CODE 2EGF ScaLs g.3368 PERCEN
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LONGITUDINAL STABILITY AT ALPHA = ZERG DEGREES
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.00%
.t0e
.008
004
.008
.o0g
Ve
T
00i ‘l
X
T
.00 ]
T
-.00% v
-.008
-.003
-.0Da %g{
i‘vv
-.008 §= A
-,.0006
997 o 0.5 1.0 1.5 2.0 2.5 3.0 5.5 4 4. 5.0
MACH NUMBER
PARAMETRIC VALUES REFERENCE INFORMATION
BETA 0.000 SREF 9.3780 sa.IN.
LREF 6.4950 IN.
BREF 3.9300 IN.
XMRP 3.2300 N
YMRP 0.0000 IN.
ZMRP 0.3024 IN.
DATA HIST. CODE *EGr SCALE 0.3366 PERCEN
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LONGITUDINAL STABILITY AT ALPHA = ZERD DEGREES
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BZTA 0.000 SREF 9.3760 SQ.IN,
LREF 6.4950 IN.
BREF 3.9300 IN.
XMRP 3.2300 IN.
YMRP 0.0000 IN.
ZMRP 0.3024 IN.
DATA HIST. CODE SEGF SCALE 0.3366 PERCEN
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LONGITUDINAL STABILITY AT ALPHA = ZERG DEGREES
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BETA g.a00 SREF 9.3760 SQ.IN.
LREF 6.4950 IN.
BREF 3,.9300 IN.
XMRP 3.2300 IN,
YMRP ¢.0000 IN.
ZMRP 0.3024 IN,
DATA WIST. CODE REGF SCALE 0.3368 PERCEN
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LONGITUDINAL STABILITY AT ALPHA = ZERD DEGREES
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BETA 0.000 SREF 9.3760 SQ.IN,
LREF €.4950 IN.
BREF 3.9300 IN.
XMRF 3.2300 IN.
YMRP 0.0600 IN.
ZMRP 0.3024 IN.
SCALE 0.3366 PERCEN

DATA HIST. CODE RF
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LONGITUDINAL STABILITY AT ALPHA = ZERG DEGREES
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PARAMETRIC VALUES
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DATA HIST. CODE *EGF

GRUMMAN H33 ORB.+BOGST.+DROP TANKS

(F46031)

REFERENCE INFORMATION

SREF 9.3760 SQ.IN.
LREF 6.4950 IN.
BREF 3.9300 IN,
XMRP 3.2300 IN,
YMRP U.0000 IN,
ZMRF 0.3024 IN, -
SCALE 0.3366 PERCEN
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LONGITUDINAL STABILITY AT ALPHA = ZERG DEGREES
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BETA 0.000 SREF 9.3760 SQ.IN,
LREF 6.4950 IN.
BREF 3.9300 IN,
XMRP 3.2300 IN,
YMRP 0.0000 IN,
ZMRP 0.3024 IN.
DATA HIST. CODE  *EGF SCALE 0.3366 PERCEN
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LONGITUDINAL STABILITY AT ALPHA = ZERG DEGREES
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BETA 0.000 SREF 9.3760 SQ.IN.,
LREF 6.4950 IN.
BREF 3.9300 IN.
XMRP 3.2300 IN.
YMRP 0.0000 IN.
ZMRP 0.3024 IN.
DATA HIST. CODE SECF SCALE 0.3366 PERCEN
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LGNGITUDINAL STABILITY AT ALPHA = ZERG DEGREES
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BETA a.000 SREF 9.3760 S@.IN,
LREF 6.4950 N,
| BREF 3.9300 IN,
XMRP 3.2300 IN,
YMRP 0.0000 IN,
ZMRP 0.3024 IN.
DATA HIST. CODE SEGF SCALE 0.3366 PERCEN
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LOGNGITUDINAL STABILITY AT ALPHA = ZERG DEGREES
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PARAMETRIC VALUES REFERENCE INFORMATION
BETA 0.000 SREF 9.3760 SQ.IN.,
LREF 6.4950 IN,
BREF 3.,9300 IN.,
XMRP 3.2300 IN,
YMRF 0.0000 IN.
ZMRP 0.3024 IN,
SCALE 0.3366 PERCEN

UATA HIST. CODE RF
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LATERAL STABILITY AT BETA = ZERG DEGREES
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ALPHA 0.000 SREF 9.3760 Sa.IN,
LREF 6.4950 IN.
BREF 3.9300 14.
XMRF 3.2300 IN.
YMRP 0.0000 IN.
2ZMRP 6.3024 IN.
DATA HIST. CODE  $EGF SCALE 0.3366 FERCEN
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LATERAL STABILITY AT BETA = ZERG DEGREES .
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ALPHA 0.000 SREF 9.3760 8G.IN.
LREF 6.4950 IN,
BREF 3.9300 IN.
XMRP 3.2300 IN.
YMRP 0.0000 IN.
ZMRP D.3024 IN.
DATA HIST: CODE SEGF SCALE 0.3366 PERCEN
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LATERAL STABILITY AT BETA = ZERG DEGREES
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PARAME TRIC VALUES REFERENCE INFORMATION
ALPHA 0.000 SREF 9.3760 SQ.IN,
LREF 6.4950 IN.
BREF 3.9300 IN,
XMRF 3.2300 IN.
YMRP 0.0000 IN.
ZMRE 0.3024 IN.
DATA HIST. CODE  SEGF SCALE 0.3366 PERCEN
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LATERAL STABILITY AT BETA = ZERG DEGREES
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ALPHA c.o00 SREF 9.3760 8Q.IN.
LREF 66,4950 IN.
BREF 3.9300 IN.
XMRP 3.2300 IN.
YMRP 0.00G0 IN,
. ZMRP 0,3024 IN.
DATA WIST. CODE RF SCALE 0.3366 PERCEN
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LATERAL STABILITY AT BETA = ZERG DEGREES
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REFERENCE INFORMATION

SREF
LREF
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SCALE

08 DEC 71
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0.3366
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LATERAL STABILITY AT BETA = ZERG DEGREES
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PARAMETRIC VALUES REFERENCE INFORMATION
ALPHA o.000 SREF 5.3760 sa.IN.
LREF 6.4950 IN.
BREF 3.9300 IN.
XMRF 3.2300 IN.
YMRF 0.0000 IN.
ZMRP 0.3024 IN.
DATA HIST. CODE *EGF SCALE 00,3366 PERCEN
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LATERAL STABILITY AT BETA = ZERG DEGREES
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PARAMETRIC VALUES REFERENCE INFORMATION
ALPHA 0.000 SREF 9.3760 SQ.IN.
LREF €.4950 IN,
BREF 3.9300 IN.
XMRP 3.2300 IN.
YMRP 0.0000 IN.
ZMRP 0.3024 IN.
CATA HIST. CODE SEGF SCALE 0.3366 PERCEN
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LATERAL STABILITY AT BETA = ZERG DEGREES
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FARAMETRIC VALUES REFERENCE INFORMATION
ALPHA o.000 SREF 9.3760 Sa.IN.
LREF 6.4350 TR
BREF 3.9300 IN.
XMRF 3.2300 N,
YMRP 0.0000 IN.
ZMRP 0.3024 IN.
bATA HIST. COBE  RF SCALE 0.3366 PERCEN
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LATERAL STABILITY AT BETA = ZERO DEGREES
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‘ALPHA 0.000 SREF 9.3760 SQ.IN.
LREF 6.4950 IN.
BREF 3.9300 IN.-
XMRF 3.2300 IN.
YMRP o.o000n0 IN,
ZMRP 0.3024 IN,
CATA HIST. COCE SEGF SCALE 0.3366 PERCEN
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LATERAL STABILITY AT BETA = ZERG DEGREES
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ALPHA 0.000 SREF 9.:760 sa.IN.
LREF €.4550 IN.
BREF 3.9300 N,
XMRF 3.2300 IN.
YMRF 0.0000 IN.
ZMRP 0.302a IN.
DATA HIST. CODE CEGF SCALE 0.3366 FERCEN
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LATERAL STABILITY AT BETA = ZERG DEGREES

.0008
.0000
o
"
<
l_‘_‘, -.0008
<
2 N
d -.0040 ' ‘
: I
(& ]
O
<
o
(L]
\ =--DO3s
Z
w
=
(=]
x
¢ -.coze
Z
-
]
[ >]
@
-.002s
wl
i}
o
P
<
o -.0030
3
wn
w
[m}
U -.0038
O
o
ul
N
--0000, 5 0.3 1.0 1.5 £.0 2.5 3.0 3.5 P P 5.0
MACH NUMBER
PARAMETRIC VALUES REFERENCE INFORMATION
ALFHA 0.000 SREF 9.3760 SQ.IN,
LREF 5.4950 IN,
BREF 3.9300 IN.
XMRF 3.2300 IN.
YMRF 0.0000 IN.
ZMRP 0.3024 IN.
DATA MIST. COCE SEGF SCALE 0,3366 PERCEN
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LATERAL STABILITY AT BETA = ZERG DEGREES
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ALPHA 0.0009 SREF 9.3760 SG.IN.
LREF 6.4950 IN. .
BREF 3.9300 IN.
XMRP 3.2300 IN.
YMRF 0.0000 IN.
ZMRP 00,3024 IN.
SCALE 0.3366 PERCEN

" DATA HISY. CODE RF
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LATERAL STABILITY AT BETA = ZER® DEGREES
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ALPHA g.000 SREF 9.3760 SQ.IN,
LREF 6.4950 IN,
BREF 3.9360 IN.
XMRF 3.2300 IN.
YMRP 0.6G000 IN.
ZMRF 0.3024 IN.
CATA HIST. COCE SEGF SCALE 0.3366 FERCEN
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LATERAL STABILITY AT BETA = ZERG DEGREES
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